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(54) FLAME RETARDING POLYAMIDE COMPOSITIONS 



(71) We, HOECHST AKTTENGE- 
SELLSCHAFT, a body corporate organised 
according to the laws of the Federal Republic 
of Germany, of 6230 Frankfurt/Main 80, 

5 Postfach 80 03 20, Federal Itepublic of Ger- 
many, do hereby declare the invention for 
which we pray that a patent maybe granted to 
us, and the method by which it is to be per- 
formed, to be particularly described in and by 

10 the following statement:— 

This invention relates to flame retarding 
poly amide compositions. 

. It is known that red phosphorus and organo- 
phosphorus compounds may inflnmre the 

15 flammability of poJjyamides, and that in cer- 
tain cases they have a good flame retarding 

The difficulty of using organo-phosphorus 
compounds for flameproofing polyamides re- 

20 sides in the fact that these compounds often 
have insufficient stability under the manufac- 
turing or processing conditions necessary for 
polyamides, that they are not chemically inert 
in certain cases, or that they have a too high 

25 vapor pressure and thus volatilize when ther- 
mal stress is put on the polyamide, especially 
at reduced pressure. 

The present invention provides a polyamide 
composition comprising a polyamide and as 

30 flameproofing agent, from 6 to 40 weight %, 
calculated on the polyamide, of a salt of a 
phosphnric acid of the formula 



35 or a diphosphinic acid of the formula 



O 

1 



— o — P — Ri- 



II 



in which : 
M is an alkali metal or a metal of the second 
or third group of the Periodic System, 
n is the valency of the metal M, 
each of R and R' is an alkyl or cycloalkyl 
radical having from 1 to 16, preferably from 
1 to 6, carbon atoms, or an aryi or aralkyl 
radical having from 6 to 16 carbon atoms, and 
R x is an aflcylene, cycloalkylene, arylalkylene, 
arylene, arylene-alkylene or aiene-bisalkylene 
radical having from 1 to 6, preferably from 2 
to 4, carbon atoms in the alkylene radical 

Suitable organo-phosphorus compounds for 
use according to the present invention are for 
example the alkali, alkaline earth, magnesium, 
sine and aluminium salts of dimethyl phos- 
phinic, meti^lethylphosphinic, roethylpropyi- 
phosphinic, mcthylhexylphosphinic, ethyl- 
phenylphosphinic, diethylphc^hmic, ethane- 
l^-dinetfaylphosphinic, ethane-l,2^ethyi- 
phosphinic, ethane-l^nliphenylphosphinic and 
butane-l 3 4-dimediylphosphinic adds. 

Especially preferred compositions of the 
salts of phosphinic and diphosphink adds of 
the formulae I and IL The amount of phos- 
phinic or diphosphinic salt depends on the 
polyamide and the flameproofing requirements, 
and is from 6 to 40, preferably from 8 to 30, 
weight %, calculated on the weight of the 
polyarmde- . . 

The polyamides which, in combination with 
the metal salts of the phosphinic adds of 
formulae I and II, yield the compositions of the 
invention, are especially amorphous 
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polyamides which are derived for example, 
from such vr**™ diamine components as 1*3- 
or 1,4-bis- ( axainomethyl ) -cyclohexane, 2,5- or 
2,6 - bis - (aminomethyl) - bicydo[2Al]h e P- 
5 tane, dimethyl - bis - (4 - aminocyclohexyl)- 
methane, 2,2,4- or 2 3 4 > 4-tiimethylhexamethyI- 
ene-diamine or xylylene-diamme. 

The polyamides are derived for example, 
from 

10 ( i) fr om 5 to 50 mol %, preferably frorn^ 



"ID to 35 mol-y o ^-l,3^is^Hmmo- 
methyl ) -cyclohexane and/or 1,4-bls- 
( ammom ethyl) -cyclohexane and/or 2,5- 
bis - (aminomethyl) - bicydo [2,2,1]- 
15 heptane and/or 2,6 - bis - (amino- 

. methyl) - bicyclo [2^,1] heptane and/or 
at least one bis- (4-aminocydohexyl) -de- 
rivative of an alkane having from 1 to 6 
carbon atoms, preferably from 1 to 3 
20 carbon atoms, and/or m-xylyiene- 

di amine, or a mixture of *n-xylylene- 
diamine with up to 50 moi %, preferably 
up to 30 mol % of p-xylylene-diarnine, 
(li) from 0 to 45 mol %, preferably from 0 
25 to 35 mol % of at least one straight- 

chain or branched aliphatic diamine hav- 
ing from 4 to 20 carbon atoms, prefer- 
ably from 6 to 12 carbon atoms, the 
amino groups being separated by at least 
30 4 carbon atoms, preferably by at least 6 

carbon atoms; 

(iii) from 5 to 50 mol %, preferably from 10 
to 35 mol %, of at least one aromatic 
dicarboxylic acid having from 7 to 20 

35 carbon atoms, preferably from 8 to 14 

- carbon atoms, especially a mononuclear 
aromatic m- or p-dicarboxylk acid; 

(iv) from 0 to 45 mol % preferably from 0 
to 35 mol %, of at least one saturated, 

40 straight-chain or branched aliphatic di- 

carboxylic acid having from 6 to 20 
carbon atoms, preferably from 6 to 12 
carbon atoms, the carboxyi groups being 
separated by at least 4 carbon atoms; and 

45 (v) from 0 to 80 mol %, preferably from 0 
to 50 mol %, of at least on e alip hatic 
amino-carboxylic acid having from 2 to 
20 carbon atoms, preferably from 6 to 
12 carbon atoms, especially an w-amino- 

50 carboxylic acid, or its lactam, the mol 

% sum of components (i) and (u) 
equalling the mol % sum of components 
(iii) and (iv), the mol % sum of all 
components (i), (ii), (iii), (iv) and (v) 

55 being 100, 

the mol % sum of components (i) and 
(iii) being from 20 to 95, preferably 50 
to 90, 

the mol % sum of components (u ), (iv) 
60 and (v) being from 5 to 80, preferably 

from 10 to 50, and 

all die mol percentages being calculated 
on the sum of all components (i), (ii), 
(iii), (iv) and (v). 



The polyamides used in the compositions of 65 
the present invention may be prep ar ed accord- 
ing to known processes. Diamme(s), dicarb- 
oxylic add(s) and optionally ammocarboxylic 
acid(s) or its/their lactam (s) are introduced 
the addition of water. It is often convenient 70 
to prepare first a salt based on the starting 
components, this salt then being introduced 
into the steel autoclave, optionally with water. 
The contents of the autoclave are heated to 
from ap proximately 200 to 260°C while -stir- 75 
ring. Steam is men discharged and the tem- 
perature increased to from 265 to 300°C At 
this temperature condensation is continued in 
a nitrogen current, optionally under reduced 
pressure, until the poly amide has attained the 80 
desired molecular weight. 

Polyamides with especially high molecular 
weights and good mechanical properties are 
obtained by submitting the polyamides pre- 
pared in the autoclave to condensation in a 85 
further processing step/ preferably in a double 
screw extruder under reduced pressure. 

The pofyamidei should have a reduced 
specific viscosity (RSV) — determined on a 
solution of 1 g of polyamide in 100 ml of a 90 
60:40 by weight mixture of phenol/tetrachlo ro- 
ethane at 25°C — of from 0.7 dl/g to 3-0 dl/g. 
preferably from 0.9 to 2.8 dl/g* 

The phosphinic acid salts of the formulae I 
and II may be added to the starting polycon- 
densation batch, or to the finished polyamide, 
or at any time during the po lycond ensa tion . 
When adding the phosphinic acid salts to a 
finished polyamide, they are advantageously 
mixed with the granulated polyamide, and this 100 
mixture is either processed directly, for ex- 
ample on an injection moulding machine, or 
first melted in an extruder, granulated and then 
processed after drying. . . ' 

The flame retarding action of the phosphinic 105 
acid salts is examined according to ASTM D 

635 68 on test specimens having di mens i on s 

of 127 x 12.7 x 1.6 mm. The polyamide com- 
positions of the present invention are either 
self -extinguishing or non-flammable, depe n d in g 110 
on the concentration of the flarnep roofing 
agent. For example, a content of 20 weight % 
of the yinr salt of dirnethylphospfiinic add in 
a polyamide obtained from 0.9 mol of tere- 
phthaKc add, 0.1 mol of isophthalic add, 1.02 115 
mols of 1,3-bisaminomethyl-cyclohexane, and 
30 weight % of adipic add-riexamethylene- 
diamine salt ensures suffident flame retarding 

^The^phosphorous compounds contained in - 120 
the flame retarding polyamide compositions of 
the present invention are thermostable and do 
not adversely affect the polyamides either dur- 
ing their preparation or during their process- 
ing, and because of their salt characteristics, 
they are non-volatile under the preparation and 
processing conditions. 

In addition to the phosphinic acid salts, 
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there may be added to the compositions of 
the present inventian inorganic fiber materials 
in the usual amounts, for example glass fibers, 
and fibers of quartz, asbestos or carbon. The 
5 thickness, especially of the glass fibers, is 
advantageously from 0.1 to 50, preferably from 
3 to 15, microns, and their length advantage- 
ously from 0.01 to 5, preferably from 0.05 to 
1, mm. The amount of the fibers is advantage- 
10 ously up to 5Q, preferably from 10 to 30, 
weight % , relative to the compositions- 



The polyamide compositions of the present 
invention may also contain further additives, 
for example stabilizers, lubricants, dye stuffs, 
15 mould release agents, antistatics and fillers. 

The flameproofed polyamide compositions of 
the present invention are suitable for the manu- 
facture of articles for engineering purposes, for 
example construction pieces for electrical 
20 automatic machines and structural members in 
apparatus, parts of mechanical transmission in 
data processing systems. 

The following Examples illustrate the 
invention. 

25 EXAMPLE la: 

A mixture of 66.4 g of terephthalic add, 
32.4 g of a bisaminometbylnorbornane mixture, 
49.8 g of e-capro lactam and 37.2 g of the 
disodium salt of ethane- l,2^methylphosphinic 

30 acid was slowly heated to 275 °C with agitation 
and "Ttrfpr a nitrogen atmosphere. The water 
formed in the condensation was distilled off via 
a descending condenser. The rea cti on batch 
was maintained at 275° C for another hour, and 

35 subsequently, 178 g of solid polyamide were 
obtained. 

The product cooled by dipping into liquid 
nitrogen was ground in a cross beater mill, 
dried for 5 hours under reduced pressure (less 

40 than 1 mm Hg) at 180*C, and compression 
molded at 235 °C to plates having a thickness 
of 1.6 mm (RSV 134 dl/g). The test speci- 
mens (127 x 12.7 x L6 mm) obtained by saw- 
ing were subjected to die combustion test 

45 according to ASTM D 635— «8. The result 
of the test is indicated in Table 1. 



58 g of 1,3-bis-ammomethyl-cyciohexane 
(mainly present in the trans- form V 363 g of 
e^capro lactam and 32.9 g of disodium salt of 
ethane- 1,2-d^etlry lphosphinic acid was slowly 55 
heated to 275°C under a nitrogen atmosphere 
and with agitation. The water formed in the 
condensation was distilled off via a descending 
cooler. The reaction batch was maintained at 
275°C for a further hour, and 152 g of solid 70 
polyamide were then obta i ne d . 

Test specimens were manufactured from the 

product in the manner described in Example 

la (RSV 1-02 dl/g), and subjected to the 
combustion test according to ASTM D 75 
635 — 68. The result of the test is indicated in 
Table 1. 

EXAMPLE 3a: 

A mixture of 1495 g of terephthalic add, 
16.6 g of isophthaiic acid, 145.1 g of 1,3-bis- 80 
armnomethyl^yclohexane, 116.7 g of adipic 
acid-hexamethykne-di amine salt (AH salt) 
and 93 g of zinc salt of dimethylphosphinic 
acid was heated slowly to 275 °C in a nitrogen 
atmosphere and with agitation. Porycondensa- 85 
tion occured, and the condensation water was 
distilled off via a descending cooler. The re- 
action batch was maintained at 275° C for a 
further hour. 3915 g of solid polyamide hav- 
ing a milky white color were obtained. 90 

According to the indications given in Ex- 
ample la, test specimens (RSV 0.98 dl/g) 
were manufactured and subjected to the com- 
bustion test according to ASTM D 635—68. 
The material was non-flammable, as indicated 95 
in Table I. 

EXAMPLE 3B: (Comparative Example) 
A polyamide was prepared according to Ex- 
ample 3a from terephthalic acid, isophthalic 
acid, l^is-aminomethyl-cydohexane and AH 1 W 
salt, but without addition of the phosphinic 
acid salt, and tested according to ASTM D 
635— *8 (Table I). 

EXAMPLE 4: 
As described in Example 3a, a polyamide 105 
was prepared in which 93 g of zinc salt of 
dWemyfphosphinic acid were replaced by 96 g 
of disodium salt of ethane-l^-dimethyiphos- 
phinic add. The product obtained with a yield 



EXAMPLE lb: (Comparative E x a m ple) 

A polyamide of terephthalic acid, bisamino- 

medrdnorbomane mixture and e-caprolactam puuiu* ^ * p^*^ 'ZZ 

50 was prepared as described in Example la 3 but of 420 g wa 8 non ; flammabk accordmg to HO 
wimout Addition of the phosphinic acid salt, combusttonjest of ASTM D 635—68^ asjn- 
and tested according to ASTM D 635 — 68 
(Table 1). 

In order to prepare the bis-(aminomethyl)- 
55 norbomane mixture, 2-cyano-bicyclo/2Al/ 
heptane-5 was hydrof ormylated. The reaction 
mixture was reacted with ammonia and hydro- 
gen an form the bis- (aminomethyl) -norbomane 
mixture. 



comousnon wsc 01 noim is u^— w, in- 
dicated in Table 1. RSV of the test specimens: 
0.88 dl/g- 



6 0 EXAMPLE 2: 

A mixture of 66.4 g of terephthalic acid, 



EXAMPLE 5: 
As described in Example 3a, a polyamide 115 
was prepared in which the zinc salt of di- 
methylphosphinic acid was replaced by die 
same amount of the zinc salt of ethane- 1,2- 
dimethylphosphinic add. 420 g of product were 
obtained. RSV of the compression molded 120 
plate: 0.92 dl/g. The test according to 



5 



> 



ASTM D 635—68 proved the non 
flammabflity, as indicated in Table 1. 
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EXAMPLE 6: c/f v 
As described in Example 3a, a poly amide 

was prepared in which the zinc salt of di- The product obtained with a yield of 416 g 

methylphosphinic acid was replaced by 90 g was non-flammable according to the ASTM D 

of disodium salt of p-xylylene-dimethylphos- 635—68 test, as indicated in Table 1. RSV 

phinic acid of the formula of the compression molded plate: 0.82 dl/g. 



10 
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WHAT WE CLAIM IS:— 

1. A polyamide composition comprising a 
poly amide and as flardeproofing agent, from 6 
to 40 weight %, calculated on the polyamide 
of a salt of a phosphinic acid of the formula 



R — P- 



2. A composition as claimed in claim \, 
which contains the phosphinic or diphosphate 
acid salt in an amount of from 8 to 30 weight 
%, calculated on. the polyamide. 

3. A composition as claimed in daim 1 or 2 
claim 2, wherein the phosphinic or diphosphinic 
acid salt is.a zinc salt. 

4. A composition as claimed in any .one of 
claims 1 to 3 wherein die polyamide is an 
amorphous polyamide derived from* as diamine 3 
component, 1,3- or 1,4-bis-Caimnomethyl)- 



or a diphosphinic acid of the formula 
O O 
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M l '*-^0— P— Ri— P—O — M 1 /a 



in which 

M is an alkali metal or a metal of the second 
or third group of the Periodic System, 

n is the valency of the metal M, 

each of R and R' is an alkyl or cycloaJkyl 
radical having from 1 to 16 carbon atoms, aryl 
or aralkyl radicals having from 6 to 16 carbon 
atoms, and 

R x is an alkylene, cycloalkykne, ary lalkykne, 
arylene, arylene-alkylene or arene-b isalky lene 
radical having from 1 to 6 carbon atoms in 
die alkylene radical 



V. uui^ivus«u —j— xi — a * v - ■ 

cyclohexane, 2,5- or 2,6-bis- ( ammomethylj - 
bicydo[2Al] heptane, dimethyl-bis-(4^amino- 
cyclohexyl)-merhane, 2A4- or 2,4j4-tri- 
inethylheKamethylene-diamine or xylylene- 



5. A composition as claimed in any one of 
claims 1 to 4, which also contains a filler. 

6. A polyamide composition as claim t ri in 
claim 1 substantially as described in any one 
o! Examples 1 to 6 herein. 

7. A shaped article comprising a polyamide 
composition as claimed in any one of claims 
lto6. 



ABEL & IMRAY, 
Chartered Patent Agents, 
•Northumberland House, 
303 — 306 High Holborn, 
London WC1 V 7LH. 
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